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MiniBooNE status snapshot

MiniBooNE has been running for 1 year at Fermilab
acquired 15% of goal 102" protons on target
At the moment (Sept — mid Nov) accelerator is shutdown
Important accelerator improvements are underway

MiniBooNE'’s first event:
beam-induced muon

Outline

Overview of the experiment
(preview of tomorrow’s tour)
First neutrino events and analysis

Outlook




LSND (1993-1998)

protons
+_ -_._-_._-_._-_e
00 MeV proton beam

8
LANSCE accelerator target and dump

Water target

Copper beamstop
muons stop in
target and decay[i\
LSND Detector

T UV,

_ detector with veto

Baseline 30 m
|_> cvy,
Energy range

20-55 MeV

L/E ~ 1 m/MeV




LSND: Evidence for ;ﬂ S,
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AmM?~0.2-10 eV?

(Bugey is v, disappearance)

87.9+22.4+6.0 events



Too manyAm’ 's?
V3

e

3 light neutrino flavors

Solar neutrinos: |
L 2

e Am’ ~7x102elV? Am2

*mostly v, >v,

V5 N |
Atmospheric neutrinos: V - Amlz
o Am® ~2x107eV? I

* mostly vV, DV,

AmP?=Am >+ Am,?

Where does LSND’s Am2~0.2-10 eV?
fit in this picture??



v Oscillation Scenarios:

With current results from solar, atmospheric, and LSND
v—oscillation searches (3 Am?s), we have an interesting situation:

Only 3 active v: 3 active+1 sterile v: CPT violation:

A s — VY, A S
— V3
7 0 0 _
S OR.. &|_v; OR.. g|—V; —j OR..
> =" > =W =2 —5
solar:v, > v, solar:v, > v ,v, solar:v, > v,
atmos:v, —Vv,,V, atmos:v, — v, atmos:v, — v,

LSND:v, »v, —>v, LSND:v, —>v —>v, LSND:v, —>v,
- not a good fit to data - possible(?) - possible(?)

Need to definitively check the LSND result.



Goal: test LSND with
95-c sensitivity over
whole allowed range

* higher statistics

« different signature

« different backgrounds
« different systematics

MiniBooNE! szt N

- Fermila
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BooNE: Fermilab Booster Neutrino Experiment

First phase: "MiniBooNE"

» Single detector, v ,—v,
appearance

* L/E=500 m/500 MeV =
30 m/30 MeV (LSND)
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MiniBooNE

vV, >V

magnetic horn  decay pipe %, 450 m dirt

and target 25 or 50 m 0150
J\

detector

8-GeV protons on Be target -2
nt, K*,..., focused by horn
decay in 50-m pipe, mostly to v,
all but v absorbed in steel and dirt
v's interact in 40-ft tank of mineral oil
charged particles produce light
detected by phototube array

Look for electrons produced by mostly-v beam



The Booster

8 GeV proton accelerator

supplies beam to all Fermilab
experiments

It must now run at record intensity

MiniBooNE runs simultaneously
with the collider program; goals:

MiniBooNE: negligible
impact on collider;
improvements to
Booster good
for NuMI

MiniBooNE 5x102° p.o.t per year

(1x102 total)
Booster

\ . » antiproton source
Main Injector | tavatron

— NuMI
— 120 GeV fixed target




Booster performance July 2002 - Sept 2003

<&
<«

4

c.HE+13

s.gE-128 < |

We are pushing the
Booster hard

togE+1s) o - ,': - _  .: :f" :. '*;f: -
S it hrout SRR IS NP intensity

Must limit radiation damage
and activation of Booster
components:

increase protons

but decrease beam loss

INEISSE ECRI N TR IR DAL IS A

z.eE-18 .

~steady improvements
careful tuning
understanding optics

need factor of 2-3 to reach
goal 1027 p.o.t. by early 2005

T1 = Mon Jul 15 17:8N35 2882 T2 = Mon Sep 8 17:84:323 2882

Booster output (protons/minute)

further improvements coming  energy loss per proton(\W-min/proton)
collimator project (now)

large-aperture RF cavities



Target and magnetic horn

Increases neutrino intensity by 7x

. )
protors [ [ 1 Ll - |
; =}

i |
- . 3

AT TR R

, e =

170 kA in 140 psec pulses @ 5 Hz 3 T fﬁ
= _=—"The horn
Currently positive particles are being '

focused, selecting neutrinos 7+ — ,U+Vﬂ

the horn current can be reversed to select

antineutrinos - -
T DMV,

Prior to run, tested to ‘& im
10M pulses

has performed flawlessly:
40M pulses in situ

the target

World’s longest-lived horn



Intrinsic v, in the beam

>
Uty >
@]
+ - -~
L. e Ve\/l’l E
m1:L
-
K*>nle*v, 5
8
K> ey, i

important bkgd to osc search

Tackle this background with
half-million v interactions in detector
HARP experiment (CERN)

E910 (Brookhaven)
“Little Muon Counter”
25 m / 50 m decay length option

10
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o

—_
o

1 I
[ —
TT T

1
V5]

Monte Carlo

2

[] Vy Flux
B v_Flux

2.5 3
E, (GeV)



LMC

Little Muon Counter (LMC) s

Spectrometet
» off-axis (7°) muon spectrometer —_—_

» K decays produce higher-energy .

wide-angle muons than n decays Decay Channel
» clean separation of muon parentage
» scintillating fiber tracker

temporary LMC detector (scintillator paddles)
commission data acquisition

53 MHz beam RF structure seen
2l i Monte Carlo At _ Data from temporary LMC detector B
0.08 - I 50 _ 19 ns l ‘
- /_ ob |, _
o [ : l 1 ”

.02 ~

‘J”wf

[ 'L[_
: L
[ ‘ 1 [?‘!lfl]“‘.l.];_[!t'Jl;. .

o L
C 0.5

o 1 . anon L L
2 2.5 3

N
By cf"”l"l . '_L,;J_hw by l‘ﬂ‘

muon momentum at 7° (GeV) [PMTS l.1i11'||m‘| [beam-on-target time]|  (ns)






MiniBooNE detector

pure mineral oil

total volume: 800 tons (6 m radius)
fiducial volume: 445 tons (5m radius)

1280 20-cm PMTs in detector at 5.5 m radius
— 10% photocathode coverage

240 PMTs in veto
(330 new tubes, the rest from LSND)

Phototube support structure
provides opaque barrier between
veto and main volumes




Pattern of hit tubes (with charge and time information)
allows reconstruction of track location and direction
and separation of different event types.

e.g. candidate events: size = charge, color = time

......

''''''''

......
sBesBr ¥R ' hhue N0 (AT S v T TRk e e M S et e R N s b

-----

muon Michel electron 70 > two hotons
from v interaction  from stopped pdecay from v, interaction
after v, interaction
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il 7
measure.

PMT charge and
time response

and
oil attenuation
length

Understanding the detector

Laser flasks

Bl four Ludox-filled flasks
B fed by optical fiber from laser

e | Timing Distribution for Laser Events {(new tubes)

probability/(0.31 ns)

397 nm laser
(no scintillation!)
modeling other

sources of “late light”

‘r_____prompt light

late-pulsing

dark noise reflections

l scattering (tail)

pre-pulsing

1 1 I 1 1 1 | 1 1
20 44 & go 100

corrected time (ns)



Stopping muon calibration system

Scintillator tracker above the tank

Optically isolated scintillator cubes
In tank:
six 3-inch (7.6 cm) cubes
one 4-inch cube

Scintillator
Cube

stopping muons with known pathlength



Scintillator
Cube

calibration
sample of
muons up to
700 MeV

(00]
o
o

600

Fitted Energy(MeV)

500
400

300
200
100H

Compare

muon energy calculated from range
with

fitted energy (Cherenkov and scint)

7001~

x% I ndf 3.756 / 2
p0  1.102 + 0.009839
pl -22.33 + 3.395

wf

O.'

100 200 300 400 500 600 /700 800

Calculated Energy(MeV)
from muon range



Michel electrons
(electrons from the decay of stopped muons)

u candidate lifetime (ns)

4
10

plentiful source from cosmics
and beam-induced muons 10
cosmic muon lifetime in oil
measured: t=2.15%0.02 us
expected: t=2.13 us
(8% p capture) T

Michel electron energy (MeV)

10

JJ\IIH| T HIIIH| T III\IH‘ T IIHIH| T \HIHI| T 1]

o
(=]

14000

Energy scale and resolution ™ 15%
at Michel endpoint (53 MeV) ™ E resolution
= at 53 MeV

6000/

Michel electrons throughout
detector (r<500 cm)

4000 -

2000




Neutrino events

beam comes in spills @ up to 5 Hz
each spill lasts 1.6 usec

trigger on signal from Booster
read out for 19.2 usec; beam at [4.6, 6.2] usec

no high level analysis needed to see
neutrino events

backgrounds: cosmic muons
decay electrons

simple cuts reduce non-beam
backgrounds to ~10-3

150k neutrino candidates
in 1.6 x 1020 protons on target

25000

2 aso00]” T
0 .
— . All Events
N 20000 -
o
ﬂ i‘".n
S 15000 S |
> -"“ ry
wl By
10000 — —
S000|— —
ol L v v L v v L b I v b by |
4 6 8 0 12 14 16 18
Average Tank Time {1 sec)
o —— T
[ .
@ 60001 %, —
=t
N ° Nypro<é

3 5000

Events/0
(¥~ ] E=Y
[ ]
(=] (=]
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h
L ]
20001, , -
1000} . -
..M.. L
| I P R N R i i st
4 6 8 10 12 14 16 18
Average Tank Time {1 sec)
8 | 1T ‘ T T ‘ T T L | 1T F
@ 3000 »,”‘ |
=Y 1
G Ny <6, Nopyi>200
o - -
"ﬁ -
E 2000 ’ —
o
o 1
W 1500 -
1000 -
5001 -
Oolosear 1 Loy s o 006_ho._ sete.s ‘sus._ sb seones sbse |
4 6 8 100 127 1416 18

Average Tank Time {1 sec)



The road to v, = v, appearance analysis

Blind v, appearance analysis
you can see all of the info on some events
or
some of the info on all events
but
you cannot see all of the info on all of the events

Early physics: other analyses before v, = v, appearance
iInteresting in their own right
relevant to other experiments
necessary for v, = v, search

vets data-MC agreement (optical properties, etc.)
and reliability of reconstruction algorithms
progress in understanding backgrounds



CC quasi-elastic

abundance ~40%
simple topology

one muon-like ring
proton rarely above C

~88% purity
~50% efficiency

kinematics:
E.6,~> E, Q?
relatively well-known o:
check of flux prediction

NC = production

resonant:;
v+ I':lf;_l_.-"u:l — v+ A
A—(p/n)+r
coherent:

v+ C—pv+C+7"

abundance ~7%
n’ = yy
two rings
E1, E2 from C intensities

reconstruct invariant
mass of two photons

background to
v, appearance

and

limits on sterile v

NC elastic

abundance 715%

usually sub-C

dominated by
scintillation

low Ntank (pmt hits)
high late light fraction

understanding of
scintillation
sensitive to nucleon
strange spin component



%
CC v, quasi-elastic events =T s
selection: topology P P E,.
ring sharpness oir| L
on- vs. off-ring hits e
timing AL
single m-like ring | . o
decay electron T T e
= variables combined Sl e b |
in a Fisher discriminant g 0 Momecwo a
; cos 0, &
: Monte Carlo with
uncertainties from flux prediction
OccaqE _ ,
optical properties et

1| | 11| 11
-1 -08 -06 -04 02 0 02 04 06 08 1

cos Bu



Neutrino energy

kinematic reconstruction:

(4]

o é Evu/Ef:len
w 'S [

energy resolution

assume v, n > wp
use E, 6, to getE,

Monte Carlo

AE, V2 _ . b 2 c 2
T (ESen)_a-'-(\E?en)"-(Efen)

a = 3.788008e-02

33— b = 8.364264e-02
c = 0.000000e+00

<10% for E,

>800 MeV

02 04 06 08 1 12 1.4 1.6
ESj" (GeV)

Fraction of Events /0.1 GeV

Fraction of Events /0.1 GeV~

o
[

0.15

~——measure incident flux

® Data

_ [1 Monte Carlo

ot e, [ L EV
Lo el
1 1 ‘ |
. L -
0.05- |, *
0-\-P Il | 1 1 1 Il ‘ Il Il 1 —
0 0.5 1 1.5 2 2.5 3
E, % (GeV)
031 ® Data

= [] Monte Carlo




NC =0 production

perform two ring fit on all events
require ring energies E,, E, > 40 MeV

fit mass peak to extract signal yield
including background shape from Monte Carlo

Events / ( 0.02 GeV/c’)

o0 =)
8 3

g

_I_+__ 1 | [ | [ ‘ 1

400

200

\ ' \ ' \ | ‘ | ]
Mass= 0.1356 + 0.0009 GeV/c™’

Width = 0.0209 + 0.0009 GeV/c” |
Num. ©° = 2425 + 107 Events

note bkgd also peaking

-
LI
L

\ \ \ =

I
0.1 0.2 0.3 0.4 05
Pi0 Mass (GeV/c)




n® production angle - _ _
sensitive to production mechanism

coherent is highly forward peaked

MC and data s o35 =
are relatively g o5 -
normalized 5 L -
_E 0'25:_ * Data w/ statistical errors =

8 F " MC w/ statistical E

MC shape & 2 yield“éxsrtrigfitéfl ¥ 3
s - systematic errors -

assumes 0.15— =
= .

Rein-Sehgal = ﬁiﬂf E
cross sections - = —i— -
e Cos 0,5 =

% | 0|.5 - tl) | 0|.5 | 1

cos Gno



n¥ decay angle S 02 -
5 o1 COS O~y 3
CM
s 016 =
and S 0.14;%:}: =
g wf_ =
0 0.1:— —
n¥ momentum 008k 3
0-062— * Data w/ statistical errors —i
0.04— ® MC w/ statistical + ':T:' —
= Id extracti -
CM frame  lab frame | .- yield extraction —3
_ I | I | I | | I | I | I | I i—l.—:
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8005 0 0.9
CM
Y Oy = /2 small vy ;
= Opeln'ng o 03ET . ©¥ momentum

= - —a—
COSGCMz 0 ang © g 0‘32_ »—P * Data w/ statistical errors _i
E 0‘25:_ R S B MC w/ statistical + _:
I% — _ yield extraction -
- — M systematic errors ]
—_ g 02— { -
Oom =0 photon § .
< > >  energies |& °UF E
cos0y,= 1 asymmetric| °'& S E
005 —— - —
N | | | | A .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

7® Momentum (GeV/c)



NC elastic scattering

Now select Ny < 150
NyeTo< 6

Background subtraction

clear beam
excess

use random
triggers to
subtract
non-beam
background

40000

35000

10000

:

- Beam with Unrelated
= Backgrounds =

Events
o

2 4 6 8 10 12 14 16 18 20

AvgTTim (us)

v

p/

N 10000

D Neutral Current Elastic
D All Events

o
A
-
E_
g:
Z
™
A
<

—III|III|III|III|III|III|III|III|III|III|III|I1

]{) 200 400

40000,

35000

g

- Normalized Strobe Data -

Events

[=]

2 4 6 8 1012 14 16 18 20

AvgTTim (us)

800 1000

600 1200
Tank Hits
10 I\I|\II‘II\|I\I|III|II\|III|II\|III|III
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i Subtraction |
8000 o :
6000 —
4000 -
- [ ]
L L ]
2000; :
. ~ |
@ O e P ph ety
= P ]
g I\I|\II‘II\|I\I|III|II\|III|II\|III|III
m02468101214161820

AvgTTim (us)



10000 T T T T
v NC elastics i Beam and Monte Carlo i
K 8000_ » Beam Data i
S = Monte Carlo -
Consider N1k Spectrum S0 :
MC and data shapes agree 4000 oo :
for NTANK>50 - i ]
£2000_— T g . -
= T g
Unknown component N, <30 S T R e
a8 00 20 40 60 80 100 120 140 160 180

THits (hits)
data and MC relatively normalized for NTANK>50

1000

e T B e B = L L B o
Beam and Monte Carlo

SOOI__ : hBﬂeo?-lrtr;%agﬁo __ Late Iight SeIeCtiOn:
- s m MC, NC Elastic -
600 =ty -

fit event vertex for N,n«>950
calculate fraction of late hits

400 ] select events with significant late light

200—

Ll |I'I|' L
0() 20 40 60 80 100 120 140 160 180

Number_of Tank_ Hits

Events



V. appearance sensitivity

g—\ L T IIIII’IJ; TTTT T T T TTTTT T IIIIIII_

. . = I 3 ]
preliminary estimates, L 7 I
backgrounds and signal e 0E E
< i KARMEN2 (90% CL) §

Vo) o VelKy) — :

1 |

Ve(K) Lgey (90% CL)

misID p
LSND (99% CL)
10 'L LSND (90% CL)

MiniBooNE (90% CL):

- 0
misID n SND-based (10" protons on target)
VA — — v running
10 - ==V running |
M M " : | |||||||| | |||||||| 1 |||||||| | |||||||:
sin 24

“ 500 pmis-ID
] cover LSND allowed region at 5 o

O 5
‘ 500 7% mis-ID updated estimates coming

. 1000 LSND-based v, v, currently expect results in 2005



Conclusions

steadily taking data
currently at 15% of 1027 p.o.t

beam is working well, but still need higher intensity
improvements underway (shutdown) will be key

first sample of neutrino physics
detector and reconstruction algorithms are working well

wonkly EZ0 Intograted £20
85 Number of Protons on Target

| 122 To date: 1.4769 E20
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Detection and Reconstruction of Events

Charged particles in the mineral oil emit

Cherenkov radiation

* prompt

* in cone (0,=47.4° for 3~1)

X path above threshold Fuzzy vs. sharp
Cherenkov ring

Scintillation light

o . — particle ID
* emission time constant ~ 18 ns P
* isotropic Ratio of prompt
« X Kinetic energy to late light

In pure mineral oil, Cherenk:scint ~ 3:1



300 WeV (kinetic) electrens and 352.5 MeV (KE) mucns

8000 |-
electrons are fuzzy i
muons are sharp ;o0 - Monte Carlo
6000 | muan
s electren
5000 -
o loq® . hit tube angle
e e ¥oer  wart. track for
‘s tw € = muons and electrons
., . 3000
o -_-.-.I = B
. B
2000 |- /iy
Sle et E e
:-.-: ..-{1 000 -
Ek P 7 ST :
s Tpg® 80 A e B N T I R e B
'-1:*.::1'. e S i e Rl B

costheta)



Neutrino-induced
muon candidate
Labor Day
Weekend 2002




Electron from decay n® candidate
of neutrino-induced muon



Yo Time spectrum of light from Michel electrons
" muon stops and decays Measure, e.g., time resolution

vy s =T M
scintillation time constant

Michel Comrected Time

R 5101

?ooo_— é

5 [ prompt

"8000 | /(Cherenkov)

EUDU_— %

ol = delayed
- = (scintillation?)

2000:— % gl
=== s e

-40 -20 0 20 40 60 80 100

Corrected Time (ns)



Or iS it? ) Rurn 1131 {center flosk) — Reflections

397 nm laser data

b Ny .
(no scintillation!)
£ 10
£ late light!
low energy 2 |
laser photons 03]
should not :

iInduce scintillation

102,

C I I i I i 1 1 I i i i | i i I | I I i I I I 1 I 1 1 i
—40 -20 0 20 40 60 80 100

corrected time [ns)




10

162

Modeling “late light”

data

: refl, scat

J MC: refl only

+ data
— MC: refl, scat,
PMT response

new PMTs only
(we have twg

...and scintillation will sit on top of this



Oscillation Evidence

Setup E L Am?2 (eV?)
Solar 3MeV | 1.5x10" m 2x10-1
(+Reactor) N B. matter (MSW) effects | Best: 7x10
Atmospheric | 500 MeV-| 20-12000
(+Long 1 GeV km Best:

Baseline 2.5x10°
Accelerator)
LSND 30 MeV 30 m 1

LSND

Atmospheric
v, Vg

Solar MSW
V_—Vy




LSND

_.I_
neutrino fluxes 3% ut et #” DAR
o DIF 100% Ve searchforv, —v
DAR - “ ¢
89% 97% wt Y
DAR
p—H,0 e~ Largest backgrounds:
12 v ) -
1% 5% - % Ve v from u decay
DIF v 58% _ _
Ll e V. fromz decay
stop (ab.ed)
® e e
i T Also 7" DIF
search forv, —>v,
oML el ] Toargest backgrounds:
0 50 100 150 200 250 300 COSMICS

E(MeV)



LSND (1993-1998)

300 NMeV
protons :
— 8 _ detector with veto
800 MeV proton beam
LANSCE accelerator target and dump

Water target

fi@erbeamsmp Particle id via
g LSND Detector Cherenkov and

-
2 scintillation light

Source is u* decay at rest
endpoint energy 53 MeV

V.p—>en
Baseline 30 m
detect prompt e track,

20<E,<60 MeV

neutron capture:
np —>dy 2.2 MeV

v correlated in position and in time with e
no B-field, signature 1s e and y sequence



@ 35
oy
L%‘BO 3 LSND ® Beam Ex::"ess
£ : _t n plv,—v.e)n
§25] positron -,
o[ ENErgy dm e | Qgcillation
150 signal expectation
104 backgrounds
% ‘
O 3
i R E T  ANIN T SN N N TN N A A M B A B B EN | IR T N I A B A r\'la':

20 25 30 35 40 45 50 565 60

LSND

E_ MeV

Signal above background:

87.9+22.4+6.0 events

Oscillation Probability:

KARMEN 2

(0.264+0.067+0.045)%

Excludes part of LSND region

10

LSND and KARMEN

search forv, —v,

Source 1s utdecay at rest
endpoint energy 53 MeV

LMD /y'

Likelihood Favorad regions

Bugey

1

sin?(28)



The LMC collimator
Dimensions: 81 inches long and

16 x 16 inches wide

Composition: Steel with 2 x 2 inch
tungsten core

Weight: 3 tons

Aperture diameters:
from 0.6 cm upstream
1.0 cm downstream
In 27 steps



January 2003:

LMC collimator and
temporary detector
Installation




early LMC data

Temporary LMC Hit Times After 1000 Resistive Wall Monitor Fulses

Booster delivers protons | J9ns
on target 5
over a 1.6 us spill ol
with a microstructure ol
of 80 “buckets’ ;
separated by 19 ns 2 [
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The LMC collimator Dimensions: 81 inches long and
16 X 16 inches wide

Composition: Steel with 2 x 2 inch
tungsten core

Assembly: 27 3-inch-long
modules

Angle from the floor:
1.82 degrees

Weight: 3 tons

Aperture diameters:

module 1: most upstream, 0.236 inch (0.6 cm) diameter aperture
module 27: most downstream, 0.392 in (1.0 cm) diameter aperture
Aperture diameter increases 0.006 inches in successive modules.



LMC fiber tracker under assembly
Jan 2003

Ready to install #
mid-March 2003  LcuT i@
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